The hairless-obese mouse
William D. Stansfield
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ABSTRACT: Viable mice homozygous for two recessive autosomal genes, hairless (hr) and
obese (ob) were produced with an average life span of 538 ± 34.1 days. On the average,
hairless-obese mice weighed about 73 percent as much as obese mice. Since obese mice
consumed approximately 73 percent as much oxygen per gram body weight per hour as
hairless-obese mice at about 24°C, the weight averages appear to be closely inversely
related to the oxygen consumption averages. The presence or absence of pelage seems
to make a negligible contribution to oxygen consumption in these two types of obese mice.
The hairless condition of the hr/ hr genotype seems to contribute to increased oxygen con
sumption beyond that expected as a consequence of their lower average body weight. The
average oxygen consumptions for seven female mice In each of four phenotypic groups
(hairless, normal, hairless-obese, and obese) were 3.87, 3.12, 2.39, and 1.74 ml/g/hr, re
spectively. The two mutants appear to Interact in a simple additive way and not as a mutant
suppression system. On an absolute basis, the hrl hr genotype seems to have approxi
mately 54 pecent as much affect on oxygen consumption as the obi ob genotype. Litter
records at about 60 days of age for four kinds of matings did not reveal any statistically sig
nificant deviations from expected ratios.

THE GENERAL CONTRIBUTIONS lhat hair,
fat, and body volume make to oxygen con
sumption rates [an indicator of metabolic
activity) in homoiothermic animals is well
known. However, the relative influence on
oxygen consumption of pelage as compared
with obesity are not well established in any
mammal. The availability of hairless and
obese mutant strains of the house mouse
[Mus musculus) offers the potential for as
certaining the absolute and reIa tive asso
ciations of the genetically hairless and
obese conditions with oxygcn consumption.
Physiological theory predicts that (in the
absence of unforeseen interactions) the
hairless condition (and its effect on lower
body weight) should increase oxygen con
sumption (on a per gram body weight basis),
whereas obesity and increased body vol
ume relative to surface area should de
crease it in temperate environments. If a
do~ble mutant strain (hairless-obese) were
produced, it would be expected to consume
oxygen at a rate somewhere between the
extremes of the single mutants. This paper
reports on the production of a viable hair
less-obese double mutant mouse. The
maj or question this model system was de
signed to answer concerns lhe manner in
which these two mutants interact in their
contributions to oxygen consumption under

a slandard set of maintenance and test
conditions,

Materials and Methods
Both the HRS/J strain of hairless [hrlhr]
mice and the C57BL/6} -ob strain were
purchased fl'om the Jackson Laboratory,
Bar Harbor, Maine. Both the hairless and
obese phenotypes are the products of in
dependently assorting recessive genes; the
hr locus is on chromosome 14 and the ob
locus is on chromosome 6. Phenotypically
obese (genetically homozygous ob/ob) mice
are sterile. Normal breeding pairs available
from the Jackson Laboratory are derived
from parents both of which are known
heterozygotes. Therefore, four-ninths of
such untested breeding pairs are expected
to be carriers of the ob gene. One-quarter
of the offspring from the carriers are ex
pected to be obese. One-half of the F1 off
spring from reciprocal matings of hr/llr X
+/ob parents are expected to be r1ihybl'icl
[+/hr, +/ob]. The F 2 progenies are ex
pected to occur in the ratio 9 wild type
(normal): 3 hairless: 3 obese: 1 hairless
obese. Two thirds of the F 2 hairless mice are
expected to carry the ob allele and can be
proven heterozygous (+/ob) through mat
ings with known carriers of the ob allele.

These mating schemes were utilized to
produce three breeding genotypes: 1) +/hr,
+Iob; 2) +/ob; and 3) hr/hr. +/ob.
All mice used in the oxygen consumption
. trials were females. Hairless mice were
heterozygous at the obese locus [hr/hr,
+/ob); obese mice were heterozygous at the
hairless locus (+/hr, ob/ob); wild-type
[normal] mice were heterozygous for both
mutants (+/hr, +/ob); and the hairless
obese double mutants were double homo
zygous recessives [hr/hr, ob/ob). The obese
and hairless-obese mice are sterile.
Seven pens, each consisting of four ma
ture, overtly healthy female mice were
prepared. Every pen contained one each of
the four genotypes specified in the previous
paragraph (wild type. hairless, obese, and
hairless-obese, see cover photograph). All
four mice within a pen were measured
once for oxygen consumption before mov
ing on to the next pen. After the mice in all
seven pens had been measured once, the
process was repeated a second and a third
time in the same order, thus tending to
minimize [in overall genotype averages] the
possible effects of varying activity patterns
throughout the day. Only one manometric
jar [containing soda lime to absorb carbon
dioxide] was used and all measurements
were made by the author at room temper
ature (approximately 24°C) under as nearly
uniform conditions as possible in the fa
cilities available. In each trial, the time re
quired to consume 10 cubic cet<timeters of

air was recorded to the nearest second,
Oxygen consumption per gram body weight
per minute was corrected for temperature
inside the jar and for barometric pressure.
An average of corrected measurements
from the three trials on each mouse was
converted to milliliters of oxygen per gram
per hour for reporting in this paper. The
data were then subjected to a Wilcoxin
two-sample test to detect possible differ
ences between genotypes.
For the longevity studies, 10 hairless
obese mice (G females. 4 males) were each
isolated in separate pens after positive
identification of the phenotype (usually at
about two months of age]. Isolation was
deemed necessary to prevent possible harm
from fighting and/or loss from cannibalism.
Purina La b Chow and water were supplied
ad libitum to all mice in the colony includ
ing those on the longevity study. Weekly
weights were recorded to the nearest half
gram for those on lifetime studies.
Results
The average corrected oxygen con
sumption for the seven mice of each of the
four genotypes, together with their body
weights, are presented· at the bottom of
Table 1. The data on all 28 mice are dis
played in Figure 1. All four genotypes
proved to be significantly different from
each other at the 5 percent level by the
non parametric Wilcoxin two-sample test.

Table I. A sampling of metabolic studies on obese and hairless mice extracted from the
reviewed literature as compared with the results of the present study
Mouse
phenotype
Obese
Normal sibs
"Brown controls"
Obese
"Thin" sibs

Avg.
wt(g)
±SE

Oxygen
consumption
ml/g/hr [±SE)

Test
temperature

53,7 ± 3.7
28.2 ± 0.7
29.5 ± 2.9

1.662 ± 0.024
3.696 ± 0.272
2.424 ± 0.035

Unspecified;
dala corrected
to STP*

Mayer, et al.5

7
6
12
58

10.5 ± 0.44
9.1 ± 0.22

2.14 ± 0.13
3,13 ± 0.06

Unspecified

Fried 2

No,
mice
6

Authors

Hairless
Albino

6

32.4
34.1

4.680
3.036

22°C; corrected
loSTP

Mount 6

6

Hairless
Normal sibs

9
9

26.5 ± 0.9
31.3 ± 1.0

3.8 ± 0.16
2.5 ± 0.14

26°C

Pennycuik7

Hairless
Normal
Ha i rless-obese
Obese

7
7
7
7

31.3 ± 1,3
34.9 ± 1.4
50.7 ± 1.0
70.3 ± 3.0

3.87 ±
3.12 ±
2.39 ±
1.74 ±

24°C; corrected
toSTP

Present study

* Standard temperature and pressure

0.17
0.15
0,09
0.11

Using the genotype averages, the hairless
condition [and its associated effect on lower
body weight] seems to have increased
oxygen consumption above normals by 0.75
ml/g/hr (3.1J7 minus 3.12). Likewise, the
obese condition [and its associated effect on
increased body weight] seems to have de
pressed oxygen consumption below nor
mals by 1.38 l1)l/g/hr [3.12 minus 1.74].
Since hairless-obese mice respired 0.73
ml/g/hr less than normals (3.12 minus 2.39],
this represents 53 percent [0.73/1.38] of the
depressing effect observed in obese mice.
On the basis of the results of the single
mutants, the double mutants were expected
to consume 0.G3 mllg/hr less oxygen than
normals [1,38 minus 0.75] or an average of
2,49 (3.12 minus 0.63). The observed value
of 2.39 for hairless-obese mice is a differ
ence of only 0.10 mllg/hr from the expect
ed values. This represents less than 5 per
cent (0.10/2.49 = 0.04] deviation of the ob
served from the expected values.
The hairless-obese mice weighed only
about 73 percent [51/70) as much as obese
mice [used in the oxygen consumption ex
periments] at maturity; i.e., the genetically
hairless condition appears to reduce adult
body weight by about 27 percent in double
mutant mice as compared to single mutant
(obese) mice. These weight data are in
versely related very closely to the oxygen
consumption data as physiological theory
predicts. On the average, obese mice con
sumed approximately 1.74/2.39 = 0.73 or 73
percent as much oxygen/g/hr as the hair
less-obese mice, suggesting that the pres
ence or absence of pelage at about 24°C
probably contributes little (if any) to oxygen
consumption in the two tYPes of obese mice.
On the other hand, normal mice consumed
approximately 3.12/3.87 = 0.81 or 81 per
cent as much oxygen/g/hr as the hairless
mice. On the avel'6ge, the hairless mice
weigh about 89 percent [31/35) as much as
normal mice. The greater differential be
tween body weight and oxygen consump
tion percentages ·in this comparison [as
opposed to that between the two obese ge
notypes) suggests that the hairless condition
in the non-obese l1r/hr genotype at about
24°C probably does contribute substantially
to increased oxygen consumption beyond
that expected as a consequence of lower
average body weight.
Of the 10 mice in the longevity study, the
shortest life span was 369 days [12.1. months]
and the longest was 708 days [23.3 months);
the average was 538 days (17.7 months) with
standard error ± 34.1 days(l.l months]. The
average maximum weight of these 10 hair
less-obese mice was 62.0 ± 3.0 grams and

(usually established at about 60 days of age)
was largest (6.66) when both parents were
dihybrid. Further investigations are needed
to determine if heterotic effects of these loci
are really being expressed with respect to
litter size. The average liUer size was lowest·
[4.50] when the mother was phenotypically
bairless. This result is in agl'eement with
numerous reports by others that the hairless
condition predisposes to poor mother
hood.
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Numerous metabolic studies have been
made on obese and hairless inice for a va
riety of purposes. None of the studies is
exactly comparable in exj)erimentaldesign
to the present case. Some examples are
given in Table 1. Mayer et aJ.5 lasted their
obese mice and normal sibs for 16 hours
prior to measuring oXygen consumption in
order to create "basal conditions." Neither
the test temperatures nor the sex of the mice
were reported. G. H. Fried 2 measured
oxygen consumption in young mice and
reported 14- to 28-day "composite means"
[usually three measurements weekly] for
latent obese and normal sibs. All mice with
means below 2.0 ml/g/hr eventually be
came obese. Neither the sex ofthe mice nor
the temperature at which measurements
were made were reported. L. E. Mount e
measured the rates of oxygen consumption
of male hairless and "albino,contml" mice
at 22°C. According to this study, the "crilical
temperature" [Le., the environmental
temperature below which there is an in-,
crease in the metabolic rate) for the hairless
mouse is 33 C C [close to the 30-32°C range
for the albino controls]. The measurements
reported al22°c by Mount were closest to
the maintenance and test temperatures in
the present study. P. R, Pennycuik7 main
tained hairless and normal control mice
(sexes unspecified] at 21 ce, but recorded
oxygen consumption at 26 0 e (and also at
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Oxygen consumption in ml/gm/hr

FIGURE 1 Scatler diagram of average (three trials] oxygen consumption (in ml/gm/hr)
individuals in each of four strains of mice.

was attained at an average of 349 days [11.5
months] after birth.
Body weights also were taken once on all
of the obese and hairless-obese mice when
the colony was near its peak size. All of
these mice were mature, presenescent, and
healthy in appearance. Unfortunately,
more precise age information was not ob
tained either for these mice or for the mice
used in the metabolic studies. The average
body weight of 78 obese males was 68.0
grams and that of 82 obese females was 67,8
grams. For the htlirless-obese mice, the
average body weight of:18 males was 48.7
grams, and that of 14 females was 49.6
grams. Disregarding sex, the average weight
of all obese mice was approximately 68
grams and that of all hairless-obese mice
was approximately 49 grams. Therefore, the
average body weights of obese and hair
less-obese mice used in the metabolic
SILldies were representative of the average
healthy adult populations maintained in
this laboratory. The maximum body weight
ever observed among all obese mice in this
colony was 102 grams. The greatest weight
fOund by the author in the literature for an
obese mouse was 115 grams 3 •
The reproductive records summarized in
Table II are from four kinds of malings: 1.)
both parents genetically dihybrid; 2] dihy
brid female X hairless (carrying ob] male;
3) both pal'ents hairless [carriers of ob]; and

fOl'
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4] both parents wild type (carrying ob]. The
data in Table II exclude litters by which
heterozygosity of the parents was proven,
thereby giving an unbiased estimate of the
frequencies of mutant type progeny relative
to one another and to wild type. Genetic
theory predicts that progeny from mating 1]
should be in the ratio 9 wild type: 3 obese:
3 hairless: 1 hairless-obese; mating 2) should
exhibit the ratio 3 wild type: 1 obese: 3
hairless: 1 hairless-obese; mating 3] should
show the ra tio 3 hairless: 1 hairless-obese;
and mating 4] should give the ratio 3 wild
type: 1 obese. Chi-square tests applied to
the data revealed that all four kinds of
matings were acceptable {at the 5 percent
level of significance] as being in agreement
with the gene,tic hypotheses.
The average litter size shown in Table II

Table II. Summary of breeding records
No. offspring

+/hr,
+/ob
hr/llr,
+/ob
hr/hr,
+/ob
+/ob

Avg.
No. litter
litlers size

normal

obese

hairless

hairlessobese

+/hr, +/ob

151

51

35

16

4.06

>0.2

38

6.66

+/hr, +/ob

29

7

26

9

0.63

>0.8

13

5.46

20

7

0,01

>0.9

6

4.50

1.99

>0.1

59

6.29

Parental geno!Ypes
male
female

hr/hr, +/ob
+/ob

290

81

x2

P

higher temperatures]. The results of these
four papers are summarized in Table I and
compared with the results of the present
study. None of them is strictly comparable,
but all of them are considered to be of.the
same order of magnitude.
Since the normal (wild~typeJ mice of the
present study shared genomes from both
the hairless and the obese strains, differ
ences in oxygen consumption between
mutants and these wild-type controls
should most likely be attributed to the mu
tant locus (lociJ themselves rather than to
differences in residual genotypes. The ge
netically hairless condition should not be
wholly equated with "lack of hail''' per se;
similarly, the genetically obese condition
should not be totally equated with "fatness"
and/or increased body weight per se. Both
of these genetic conditions have pleiotropic
effects and some of them may have either
direct or indirect effects on meta150lic rate
apart from the major gene manifestations.
For example, genetically obese mice tend
to be lethargic; diminished activity tends to
lower the need for oxygen independent of
the amount of pelage or body faVsize.
If the effects of the hr/hr genotype in
creases oxygen consumption above normal
by about ~4 percent (3.87/3.12 == 1.24J
whereas the effects of the ob/ob genotype
lowers it by about 56 percent (1.74/3.12 =
0.56J, then the hairless-obese mice might be
expected to respire approximately 56 per
cent minus 24 percent = 32 percent less
than normals. This expectation was borne
out in the observations (3.12/2.39 = 1.31)
within an error of less than 5 percent of the
expected value. Because of the essentially
additive nature of the data, the hI' and Db
loci appear to interact (with respect to
oxygen consumption in females at ap
proximately 24°C) in a simple additive
manner. The obese condition lowers oxy
gen consumption relative to normals by 1.38
ml/glhr (3.12-1.74); the hairless condition
elevates oxygen consumption relative to
normals by 0.75 ml/g/hr (3.87-3.12]. Thus,
on an absolute basis, the hrlhr genotype
seems to have approximately 54 percent
(0.7511.38 = 0.54) as much effect on oxygen
consumption as the ob/ob genotype.
One of the primary goals of this investi
gation was to determine if the hr/hr geno
type could suppress the oxygen consump
tion (per gram basis) effect of the ob/ob
genotype or vice versa. An intergenic sup

pressor is conventionally defined as a
mutation that restores the wild-type phe
notype to a mutation in another gene. If the
effects on oxygen consumption per gram by
the ob/ob and hr/hr genotypes were ex
actly equal but of opposite sign relative to
wild type, then the double mutant would
certainly qualify as an intergenic suppres
sor system with regard to this trait. The
double mutant might also qualify as af.l in
tergenic supressor system if its average
oxygen consumption per gram was signifi
cantly closer to that of wild type than either
the ob/ob or the hr/hr genotypes. How
ever, since the ob/ob genotype has ap
proximately twice the effect on lowering
oxygen consumption per gram than the
hr/hr genotype has on raising it (relative to
wild type), and the double mutant is not
significantly closer to wild type than either
the ob/ob or the hr/hr genotypes, it cannot
be considered as an example of an inter
genic suppressor system.
Lane and Dickie3 reported on 17 obese
mice fed ad libitum; the average maximum
body weight of 83 grams was attained at 14
months of age. Their heaviest mouse
weighed 107 grams at 16 months. The life
spans ranged from 167 to 667 days with an
average of 15 months. Lane and Dickie also
reported on 22 thin siblings fed ad libitum.
Their mean life span of 25 months was ex
perimentally shortened because all animals
alive at 820 days were killed. The mean life
span of these obese mice appears to be less
than 60 percent of their thin siblings. By
contrast, the 10 hairless-obese mice of the
present longevity study reached only 75
percent of the average maximum body
weight of the obese mice in the Lane and
Dickie study and attained that weight 2.5
months earlier. The hairless-obese mice
lived an average of 2.7 months longer than
the obese mice of Lane and Dickie. The
Jackson Laboratoryl reports that their obese
mice reach a maximum weight of about 70
grams at 8 to 9 months of age. whereas their
lean littermates reach a maximum weight
of about 30 grams at 3 to 4 months of age.
The life span of their obese mice is about
20-24 months, a few months shorter than
their normallittermates. The Jackson Lab
oratory obese mice thus appear to average
slightly less maximum weight and have a
slightly lower average longevity than those
reported by Lane and Dickie. A literature
search failed to reveal any lifetime studies

on hairless mice. These comparisons of life
span between mice of different genetic
backgrounds in different laboratories are
of limited value except in suggesting re1a-'
tionships that can be further explored
under uniform conditions. Unfortunately,
no lifetime studies on the normal, obese.
and hairless mice in this study were insti
tuted simultaneously with those of the
hairless-obese mice.
The hairless condition is readily identi
fied before 30 days of age. However, be
cause of its relatively late onset, obesity was
usually established at about 60 days of age
when litter data were recorded. Occasion
ally an obese or hairless-obese mouse
would be found at a later date, but it was
not then possible to identify the litter in
which it was born and thereby correct the
breeding records. Furthermore, hairless
mice (and possibly latent hairless-obese
mice] seemed empirically to suffer more
preweaning death loss than their normal
[and possibly latent obese) liltermate.s.
Thus, one might expect that the breeding
records would show statistically significant
deviations from the expected ratios. There
were fewer obese progeny than expected
from +/ob parents, but not significantly
fewer. There were fewer hairless mice than
expected in litters from dihybrid parents,
but this deficiency did Iiot cause the 9:3:3:1
hypothesis to be rejected. Thus, there was no
statistical evidence to support the conten
tion that wild-type mice have a significant
differential survival advantage at about 60
days of age over their mutant siblings.
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